1. Introduction
===============

Intensive insulin therapy has become common practice in the world to keep blood glucose values in target range in patients with type 2 diabetes (T2D). Intensive insulin therapy consists of continuous subcutaneous insulin infusion (CSII) and multiple daily injections (MDI). Use of CSII therapy is now regarded as a safe and valuable alternative in patients with newly diagnosed T2D. Several studies have demonstrated that early implementation of a short course of intensive insulin therapy may dramatically improve beta-cell function in most patients with newly diagnosed T2D. This improvement of β-cell function might be responsible for the remission described in newly diagnosed T2D patients.^\[^[@R1]--[@R5]^\]^ We recently observed that patients with newly diagnosed or longstanding T2D treated with CSII therapy confers a greater improvement of mean amplitude glycemic excursion (MAGE) as detected by continuous glucose monitoring (CGM).[@R6] It is now believed that glucose fluctuations may be important as independent risk factors for cardiovascular disease in patients with onset T2D.^\[^[@R7] [@R8]^\]^ Large glucose fluctuations may cause the overproduction of superoxide by the mitochondrial electron-transport chain, which induces a subsequent nitrosative stress.[@R9] Postprandial glucose (PPG) is an independent risk factor for cardiovascular disease.[@R10]

Saxagliptin, a selective dipeptidyl peptidase-4 (DPP-4) inhibitor, is a novel glucose-lowering agent in patients with T2DM.^\[^[@R11] [@R12]^\]^ Saxagliptin as a monotherapy in drug-naive T2D patients,^\[^[@R13]--[@R15]^\]^ and add-on therapy in patients with inadequate glycemic control with oral antidiabetic agents or insulin were generally well tolerated and demonstrate significant improvements in glycemic control and a low risk of hypoglycemia.^\[^[@R16]--[@R20]^\]^ Very recently, saxagliptin add-on metformin plus gliclazide therapy achieved further improvement of MAGE in patients with advanced T2DM.[@R21] Moreover, saxagliptin is associated with the improvement of pancreatic β-cell function in patients with T2D.[@R22] The improvement of pancreatic β-cell function might depend on the reduction of DPP4 activity, which improves insulin signaling.[@R23]

With this background, a therapy saxagliptin combination with insulin seems to be a promising approach for subjects with T2D to control blood glycemic fluctuations. We therefore performed a single-center, randomized, control, open-labeled trial using CGM to assess the blood glucose fluctuations in T2DM patients, in whom treated with saxagliptin add-on therapy to insulin.

2. Patients and methods
=======================

This was a single-center, randomized, control, open-labeled trial. Between January 2014 and December 2015, a total of 69 patients with newly diagnosed T2DM were recruited in Nanjing First Hospital, Nanjing Medical University, China. The inclusion criteria were patients aged between 18 and 80 years; 9.0% ≤ HbA1c ≤ 12% at diagnosis. Patients were excluded from analysis if they had ketoacidosis, chronic kidney disease, positive for antiglutamic acid decarboxylase (aGAD) antibody, or if they had maturity onset diabetes in the young (MODY), or mitochondria diabetes mellitus.[@R5] Patients with known cancers, known allergies to insulin were excluded.^\[^[@R5] [@R24]^\]^ The study was approved by the ethics committee of Nanjing First Hospital. Written informed consent was obtained from the patients before the study.

All patients were randomly assigned into saxagliptin add-on therapy to CSII group and CSII alone group. Subjects underwent oral glucose tolerance tests (OGTTs) using 75 g of glucose (dissolved in 200 mL water) before and after treatment. Serum samples were obtained before and 30 and 120 minutes after oral administration for glucose, insulin, and C-peptide determination. After the baseline parameters were assessed, patient blood concentrations were monitored by CGM (Medtronic Incorporated, Northridge, Minnesota, USA) for 3 days, as we before described.^\[^[@R6] [@R25]^\]^ After CGM data were collected, enrolled subjects received saxagliptin (5 mg once daily, Bristol-Myers Squibb, Indiana, USA) add-on CSII or CSII treatment, without any oral antidiabetic drugs except metformin. The total daily insulin (Aspart, Novo Nordisk, Bagsværd, Denmark) dose was 0.5 IU/kg which was given in 2 injection modes: 1/3 of total daily dose was equally given as boluses within 3 meals, the remaining insulin was given as basal dose. Investigators titrated insulin doses on an individual-patient basis at the titration algorithm (if the fasting blood glucose level was less than 4.4 mmol/L, the insulin dose was reduced 2 units; if the fasting blood glucose level was within 4.4 to 6.1 mmol/L, the insulin dose was unchanged; if the fasting blood glucose level was within 6.2 to 7.8, 7.9 to 10.0, and \>10.0 mmol/L, the insulin dose was increased subsequently by 2, 4, and 6 units, respectively), as we described before.[@R6] The saxagliptin dose was unchanged during the study period. At the last 3 days of the 4-week treatment period, patients were received another CGM for 3 days.

All patients received the same energy intake during the study period. All subjects were instructed to maintain a similar level of physical activity and received meals consisting of the same nutritional value, and equivalent carbohydrate intake during the study.

The days for euglycemic control (the fasting capillary blood glucose was less than 6.1 mmol/L and capillary blood glucose at 2 hours after each of 3 meals was less than 8.0 mmol/L), were recorded within groups were recorded and compared between the groups.^\[^[@R5] [@R26]^\]^ Changes in insulin dosed and body weight before and after treatments were analyzed. The 24-hour mean blood glucose (MBG), 24-hour MAGE, and the incremental area under curve (AUC) of plasma glucose \>10.0 mmol/L, \>7.8 mmol/L, and \<3.9 mmol/L was calculated by software given by Medtronic Incorporated, and hypoglycemia episodes were also recorded. MAGE was calculated for each patient by measuring the arithmetic mean of the ascending and descending excursions between consecutive peaks and nadirs for the same 24-hour period, and only absolute excursion values \>1 SD were considered, as we described before.^\[^[@R6] [@R25]^\]^

The primary endpoint was the changes of MAGE before and after therapies between groups. Secondary endpoints were changes of insulin doses, of body weight from baseline to the completion of treatments. The hourly MBG concentrations, the 24-hour MBG and the AUC of hypoglycemia and hyperglycemia were also analyzed.

This study was registered with ClinicalTrials.gov, number ChiCTR-PPR-15007045 (<http://www.chictr.org.cn/showproj.aspx?proj=8321>).

2.1. Statistical analysis
-------------------------

Statistical analysis was performed using SPSS software (version 17.0; SPSS, Inc., Chicago, IL). Shapiro--Wilk test was used to assess the distribution of data. Normally distributed and continuous variables are presented as mean (standard deviation, SD). The mixed ANOVA model (2 × 2) test was used to compare differences within group. A 2-way ANOVA was used in the comparisons between groups. Bonferroni correction was followed. *P* values were 2-tailed with a significance level of 5%.

3. Results
==========

3.1. Baseline characteristics
-----------------------------

A total of 69 patients were recruited to the study. The patients with age 47.79 ± 10.09 years, body-mass index 25.12 ± 2.29 kg/m^2^, HbA1c 9.46 ± 1.52%, mean fasting plasma glucose 10.32 ± 2.15 mmol/L, mean fasting plasma insulin 7.56 ± 4.50 μU/mL, mean fasting plasma C-peptide 2.31 ± 0.74 ng/mL. Subjects were randomized allocated into saxagliptin plus CSII group (31) and CSII group (38). There were no significant demographic differences between groups at baseline (Table [1](#T1){ref-type="table"}). All patients completed the study.

###### 

Characteristics in patients at baseline.
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3.2. Glucose, insulin, body weight, and insulin secretion profiles
------------------------------------------------------------------

Patients in saxagliptin add-on group reached glycemic control in less days than those of control group (3.62 ± 1.82 vs 4.54 ± 1.72 days, *P* = 0.042). The daily total insulin dose required by subjects to maintain euglycemic controlling in saxagliptin add-on group was statistically significant lower than that of the control group at the endpoint (16.16 ± 5.93 vs 21.12 ± 7.22 U, *P* = 0.004). Consistently, the basal and bolus insulin doses were also decreased in saxagliptin add-on therapy group (8.23 ± 3.47 vs 10.63 ± 3.97 U, *P* = 0.013 and 7.93 ± 3.22 vs 10.49 ± 4.09 U, *P* = 0.008, respectively) (Table [2](#T2){ref-type="table"}). Body weight of subjects was numerable but not significantly reduced within groups from baseline to the completion of treatments (saxagliptin add-on therapy group from 73.93 ± 10.85 to 71.97 ± 8.86, *P* = 0.429, control group from 71.55 ± 9.24 to 69.89 ± 8.92, *P* = 0.467). Moreover, changes of body weight in patients in saxagliptin add-on group did not differ with control group (2.38 ± 3.04 vs 2.09 ± 1.27 kg, *P* = 0.605) (Table [2](#T2){ref-type="table"}). We also observed significantly increased insulin secretion levels, measured by C-peptide concentrations, at 0, 30, and 120 minutes after oral administration for glucose in saxagliptin add-on group compared with patients in control group after therapy (3.38 ± 1.06 vs 2.48 ± 1.33 ng/mL, *P* = 0.005, 6.58 ± 2.18 vs 5.29 ± 2.14 ng/mL, *P* = 0.022, 8.99 ± 2.10 vs 7.75 ± 2.30 ng/mL, *P* = 0.030, respectively).

###### 

Changes in weight gain and insulin doses in patients within groups before and after therapy.
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3.3. Glycemic fluctuation profiles
----------------------------------

Subjects in saxagliptin plus CSII group had lower MAGE (2.47 ± 0.79 vs 3.37 ± 2.17 mmol/L, *P* = 0.041), the incremental AUC \>10 mmol/L (0.02 ± 0.07 vs 0.15 ± 0.28 mmol/L per day, *P* = 0.036), the incremental AUC \>7.8 mmol/L (0.16 ± 0.23 vs 0.61 ± 0.65 mmol/L per day, *P* = 0.016) compared with that of control group (Table [3](#T3){ref-type="table"}). The differences within groups were not significantly in the 24-hour MBG (6.54 ± 1.20 vs 6.98 ± 1.33 mmol/L, *P* = 0.301), and the incremental AUC \<3.9 mmol/L (0.019 ± 0.062 vs 0.003 ± 0.018 mmol/L per day, *P* = 0.210) (Table [3](#T3){ref-type="table"}). Although CGM data showed that patients of 2 groups had similar hourly blood glucose concentrations per hour at baseline (Fig. [1](#F1){ref-type="fig"}). After 4-week therapy, the hourly MBG concentrations, especially between 0000 and 0600 in patient with saxagliptin add-on therapy to CSII, was significantly lower compared with that of the control patients (6.08 ± 1.45 vs 7.11 ± 1.73, 5.87 ± 1.37 vs 6.74 ± 1.38, 5.73 ± 1.48 vs 6.73 ± 1.55, 5.83 ± 1.48 vs 6.78 ± 1.76, 5.79 ± 1.58 vs 6.87 ± 1.72, 5.84 ± 1.60 vs 6.80 ± 1.75, *P* \< 0.05, respectively) (Fig. [2](#F2){ref-type="fig"}).

###### 

Changes in blood glycemic excursion parameters in patients within groups before and after therapy.
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![The average blood glucose concentrations per hour levels in study patients at baseline.](medi-95-e5229-g004){#F1}

![The hourly mean blood glucose concentrations in study patients after therapy.](medi-95-e5229-g005){#F2}

3.4. Safety and tolerance
-------------------------

We also compared the risk of severe hypoglycemia (glucose \<2.8 mmol/L) between the 2 groups. Saxagliptin add-on therapy did not increase the severe hypoglycemic episodes as compared with CSII group (0.41 ± 0.20 vs 0.47 ± 0.21 mmol/L per day, *P* = 0.044) (Table [3](#T3){ref-type="table"}). All subjects were well tolerated with therapies during the study, and no adverse events were reported from any group.

4. Discussion
=============

We have conducted a prospective study on patients with newly diagnosed T2D and demonstrated that saxagliptin add-on insulin therapy provided better glucose control with smaller blood glycemic fluctuations compared to aspart based CSII treatment using CGM. We also demonstrated that saxagliptin combination therapy provides shorter term to achieve the euglycemic control, and the reduce insulin doses. Furthermore, saxagliptin add-on therapy did not increase the risk of hypoglycemia in patients with newly diagnosed T2D in China population.

Our data demonstrated that patients in both groups achieved euglycemic control after treatment. However, saxagliptin add-on treatment provided further improvement of MAGE, and the decrease in the incremental AUC of plasma glucose \>7.8 and 10.0 mmol/L compared with insulin alone therapy. Saxagliptin is a specifical inhibitor of the DPP-4 enzyme 9, which prevents the degradation of incretins, such as glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP). The increased active GLP-1 and GIP levels provide the increase in plasma insulin concentration released from pancreatic β-cells and decrease in glucagon level secreted from pancreatic α cells.^\[^[@R27] [@R28]^\]^ In patients with T2D, saxagliptin is associated with the improvement of pancreatic β-cell function.[@R22] The improvement of pancreatic β-cell function might depend on the reduction of DPP4 activity, which improves insulin signaling.[@R23] Saxagliptin as a monotherapy in drug-naive T2DM patients,^\[^[@R13]--[@R15]^\]^ and add-on therapy in patients with inadequate glycemic control with oral antidiabetic agents or insulin were generally well tolerated and demonstrated significant improvements in glycemic control and a low risk of hypoglycemia.^\[^[@R16]--[@R20]^\]^ In agree with these studies, our data demonstrated that 5 mg saxagliptin add-on insulin therapy provided further improvement of glycemic fluctuations, decrease in time to achieve euglycemic control, insulin doses, and insignificant weight gain. The incidence of hypoglycemic episodes were relatively increased with saxagliptin in patients taking sulfonylureas (SURs), lowering the dose of SURs when initiating saxagliptin should be paid more attention as the SAVOR-TIMI 53 trial revealed.[@R29] A higher risk for hospitalized heart failure was not observed in users of saxagliptin or sitagliptin compared with other selected antihyperglycemic agents in a large cohort study.[@R30] However, in this study, we did not observe the increase risks of hypoglycemia compared with that of control group.

Our data also indicated that patients in saxagliptin add-on therapy to insulin group gained further improvement of MAGE. It is now believed that glucose fluctuation may be an important and independent risk factor for cardiovascular disease in patients with onset T2DM.^\[^[@R7] [@R8]^\]^ Large glucose fluctuations may cause the overproduction of superoxide by the mitochondrial electron-transport chain, which induces a subsequent nitrosative stress.[@R9] PPG is an independent risk factor for cardiovascular disease.[@R10] Monnier et al[@R31] reported that acute glucose fluctuations during postprandial periods played a crucial role on oxidative stress. By reducing postprandial excursions, oxidative and nitrosative stress can be diminished.[@R32] The smoothed blood glycemic executions might confer a protective profile to cerebrovascular disease (CVD). However, we have no data to support these concept, we now address this as our one limitation.

Insulin therapy confers an increase in risks of hypoglycemia and weight gain.^\[^[@R33]--[@R35]^\]^ However, in this study, subjects within groups exhibited small decreases in body weight from baseline to the completion of treatment. This might because that patients were received the less energy intake than usually consumed during the study period. All subjects were instructed to maintain a similar level of physical activity and received meals consisting of the same nutritional value, and equivalent carbohydrate intake during the study. Changes of body weight in patients with saxagliptin add-on therapy did not increase compared with that of insulin only therapy in this study. Our data agree with previous study showing saxagliptin added to insulin has no clinically significant weight gain.[@R20]

With regard to the intensive insulin therapy used to newly diagnosed patients in this study, the patients recruited to our study had mean HbA1c levels of 9.6%. According to China Guideline for Type 2 Diabetes,^\[^[@R36] [@R37]^\]^ newly diagnosed T2DM, with HbA1c \> 9.0% or fasting blood glucose higher than 11.1 mmol/L, could be treated with intensive insulin therapy. Furthermore, Weng et al[@R5] found that early intensive insulin therapy in patients with newly diagnosed T2D has favorable outcomes on recovery and maintenance of β-cell function and protracted glycemic remission compared with treatment with oral hypoglycemic agents in Chinese population.

In this study, we also observed a significant induction in insulin secretion levels, measured by C-peptide concentrations, at 0, 30, and 120 minutes after oral administration for glucose in saxagliptin add-on group compared with patients in control group after therapy. This might partially be the reason that patients in saxagliptin add-on group had more improvement of blood glycemic variations compared with subjects in control group.

Our study still has other limitations. First, the study only observed Chinese population, so the situation might not be the same for other populations. Second, the sample size was relatively modest. Third, we did not observe for a long time period.

In conclusion, saxagliptin add-on therapy to insulin had the ability of further improve blood glycemic controlling, with lower insulin doses required by patients with T2D to maintain euglycemic control.

Abbreviations: aGAD = antiglutamic acid decarboxylase, AUC = area under curve, CGM = continuous glucose monitoring, CSII = continuous subcutaneous insulin infusion, CVD = cerebrovascular disease, DPP-4 = dipeptidyl peptidase-4, GIP = glucose-dependent insulinotropic polypeptide, GLP-1 = glucagon-like peptide-1, MAGE = mean amplitude glycemic excursion, MBG = mean blood glucose, MDI = multiple daily injections, MODY = maturity onset diabetes in the young, OGTTs = oral glucose tolerance tests, PPG = postprandial glucose, SD = standard deviation, SURs = sulfonylureas, T2D = type 2 diabetes.
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